Introduction {#sec1}
============

Fractures of the proximal humerus represent about 5% of all fractures, being the third most common fracture among elderly patients.[@bib1], [@bib2], [@bib3] According to Palvanen et al,[@bib3] the gross incidence, the age adjusted and the number of proximal humeral fractures have tripled during the last three decades. Approximately 75% of these fractures undergo a conservative treatment resulting in non-displaced or minimally displaced results.[@bib4], [@bib5]

On the other hand, an increasing number of specific devices have been made available such as pinning,[@bib6] intramedullary nails,[@bib7] 1/3 tubular plates, cloverleaf plates,[@bib8], [@bib9] angular stability plates,[@bib10], [@bib11] as well as early shoulder hemiarthroplasty.[@bib12], [@bib13] Neer criteria[@bib14] and the AO/ASIF classification system[@bib15] represent the most common tools used as a decision-making guide for treatment. As an articular fracture, proximal humerus requires the best anatomic reduction and stable fixation for an early joint mobilization, leading to a better functional outcome.[@bib16]

However, open reduction and internal fixation (ORIF) has been correlated to various complications[@bib17], [@bib18] such as hardware failure, intra-articular screw perforation, avascular necrosis, subacromial impingement, frozen shoulder, and fracture re-displacement.

The aim of the present study, using the S3 locking plate for treatment of complex proximal humeral fractures in elderly patients, was to evaluate retrospectively the clinical efficacy and complication rate.

Materials and methods {#sec2}
=====================

The S3 fixation plate was used in our Institution for ORIF of closed, displaced proximal humeral fractures in 90 cases from December 2005 to December 2011. This is a retrospective analysis of 51 patients who met the inclusion criteria and underwent surgery within 7 days after trauma, having a minimum follow-up of 12 months (range 12--30, mean 16 months). Four patients presenting other associated injuries of the upper limb were excluded, as well as five patients with previous shoulder injuries. Twenty-one patients with a type A fracture (according to AO classification) and nine patients with a follow-up of less than 12 months were also excluded. Subsequently, a retrospective analysis of the data was carried out. Dominant arm was involved in 55% of the cases. The mean age of patients was 70.7 years ranging from 65 to 84 years (9 males and 42 females). Most cases (45/51) had a low energy trauma. Fractures were rated according to AO/ASIF classification system[@bib15] based on AP (90° to the scapular plane), lateral and axillary (when possible) radiograms.

A CT scan was implemented when the X-ray was not suitable for a correct preoperative planning and there was discordance between the observers in classifying a fracture. The distribution of the fractures patterns, according to AO/ASIF classification, showed 31 type B and 20 type C fractures.

Considering the most important predictors of humeral head ischemia reported by Hertel et al,[@bib19] 20 patients were found to have a calcar length \<8 mm attached to the head (type C fractures). In addition, the medial hinge was disrupted (\>2 mm) in five cases among these patients (type C2 patterns).

Despite the high risk of avascular necrosis described by Hertel, we preferred to proceed with osteosynthesis. Operation was performed under regional anesthesia with inter-scalenic nerve blocking, associated with general anesthesia when needed.

A standard delto-pectoral approach was performed with the patient placed in a beach-chair position. Reduction was surgically achieved and confirmed under fluoroscopy. All fractures were stabilized using the S3 locking plate introducing all the proximal cephalic pegs/screws and at least three distal screws. This device, designed to fit at about 3 cm distal to the greater humeral tuberosity, provides an angular stability fixation. Distal positioning of the implant should prevent any subacromial impingement. Moreover, the 4 mm proximal pegs should achieve a more stable fixation in a highly cancellous bone, and meanwhile prevent perforation of the humeral head.

After surgery, the arm was positioned in a sling. Physical therapy was performed according to Hughes and Neer rehabilitation program,[@bib20] with passive assisted movements beginning from 2nd day after surgery.

Radiographic and clinical assessment was performed by a single orthopedic consultant according to the Constant Shoulder Score (CS)[@bib21] at 3, 6 and 12 months for all patients after surgery. CS score was also calculated for the different fracture patterns alone (type B and C fractures).

This is a retrospective, observation study of our cohort and no sample size was calculated prior to the investigation. CS scores obtained showed an abnormal distribution. The median, mean values and inter-quartile ranges (IQR) were reported. The IQR is between 75th and 25th percentiles and indicates that 50% of the values are in this range. Differences of CS score between type B and C fracture groups at the different time frames (3, 6, 12 months) were investigated for statistical significance by an unpaired Mann--Whitney *t*-test. Significance of CS score improvement within the two fracture patterns during the follow-up was calculated by the Wilcoxon test. The SPSS statistical program was used for the analysis. For all tests *p* values \< 0.05 were considered significant.

Results {#sec3}
=======

At follow-up, the mean CS score at 3, 6 and 12 months was 68 (IQR 64 to 72), 73 (IQR 70 to 78.5) and 75 (IQR 72.5 to 80) and the median was 69, 74 and 77 respectively. In the type B fracture group, the mean CS score was 68 (IQR 64.5 to 73), 74 (IQR 70 to 79), and 76 (IQR 72.5 to 81). The median was found to be 69.5, 75.5, 79.5 respectively. In the type C fracture group the mean CS was 67 (IQR 64 to 71), 72 (IQR 68 to 75) and 75 (IQR 73 to 79). The median was 69, 72 and 75 respectively.

No variation was detected in 43 (43/51) patients during a 20 months follow-up. No statistical significance was found (*p* = 0.46, 0.15, 0.16 respectively) between groups B and C at 3, 6 and 12 months after surgery ([Table 1](#tbl1){ref-type="table"}). The Wilcoxon test showed a statistical significance in the CS score improvement within the groups among the different time frames (*p* = 0.001) when investigating the outcome between the consecutive follow-up. In 2 cases of type B1, in 1 case of type B3 and in 1 case of type C1 fracture, radiographic results were poor but the clinical outcome obtained at the final follow-up was satisfactory.

We observed 5 complications (9.8%) among the 51 patients reported in our study. No cases of deep infections occurred. One case (1.96%) of superficial infection was detected and resolved in 2 weeks by oral antibiotic therapy. No cases of early avascular necrosis were detected during the minimum follow-up period of 12 months in our cohort. There were no neurovascular injuries prior to surgery or any iatrogenic damages following the surgical procedure.

Fracture healing was achieved with the evidence of sufficient callus formation and cortex continuity in the standard X-ray films, with no cases of pseudoarthrosis. The mean time to fracture healing was 12.4 weeks (range 8--16 weeks). There were 4 cases (7.8%) of primary subacromial impingement of the plate due to a varus inclination of the humeral head \<120°and malreduction \>5° in all cases ([Fig. 1](#fig1){ref-type="fig"}). Among these fractures (type 2B1, 1B2 and 1C1 fractures), all patients were 67 years old or older (mean 71 years).

None of these patients developed a varus displacement in the postoperative follow-up. No other implant-related complications such as hardware breakage, implant dislocation, cut-out, and intra-articular screw perforation were detected. In one case the tip of the drill was broken and left into the bone, resulting in no interference with implant fixation and bone healing.

All 4 patients presenting subacromial impingement refused a reoperation for implant removal, having a satisfactory clinical outcome. To date, 3 implants have been removed after patients\' request without beneficial clinical outcome.

Discussion {#sec4}
==========

Decision making for the treatment of proximal humeral fractures includes various parameters, such as patients\' age, general medical conditions, daily activities before injury, and the fracture pattern.

Conservative treatment remains the gold standard for non-displaced or minimal displaced fractures of the proximal humerus with satisfactory results.[@bib5], [@bib17] Furthermore, surgical treatment of displaced fractures remains a challenge. Thus, radiological imaging including AP and axillary views is necessary. If not possible, when the only emergency AP view is available ([Fig. 1](#fig1){ref-type="fig"}A), a CT scan is necessary for better defying the fracture pattern. Subsequently, a multiplanar reconstruction (MPR) could be used for a detailed preoperative planning. Aiming to anatomic reduction and stable fixation, any device resulting in a better clinical outcome could be used to allow early mobilization.[@bib16]

Considering preoperative activities of the patient and bone quality, ORIF seems highly recommended in young patients with displaced fractures of the proximal humerus.[@bib22] Physician should offer, to the aged but still active patient, a proper treatment that could turn in delaying any type of one way surgery, such as shoulder hemiarthroplasty. However, vascular supply of the humeral head is the key point in such cases and the preoperative planning should be addressed not only to select the optimal implant but also to understand if the present fracture is to be fixed or to be treated by prosthesis. Particular emphasis should be given for a proper support of the proximal medial part of the humeral metaphisis.[@bib19], [@bib23]

In our cohort, we preferred to perform osteosyntesis even in those patterns rated as a high risk of avascular necrosis, giving particular emphasis on an accurate reduction of the medial metaphyseal extension of the fracture. However 8 patients with a calcal segment \<8 mm and head-splitting (type C3 fractures not included in this study) were treated by a shoulder hemiarthroplasty or an inverse prosthesis, considering the poor reduction likely achieve.

Various types of plates have been used for ORIF during the past years and mostly good results were reported, especially when adopting angle-stabilizing plates. Despite the good results reported, ORIF has been correlated, in a significant number of papers, with a high number of subacromial impingement, screw penetration of the humeral head, loss of reduction, avascular necrosis, and infections.[@bib11], [@bib18], [@bib24], [@bib25]

Gille et al[@bib26] presented preliminary results of five proximal humeral fractures treated with the S3 locking plate. Aksu et al[@bib27] adopted this plate in 10 out of 107 patients treated over a four years period, reporting only one complication. They considered that the S3 locking plate is placed in a lower position than that of the PHILOS plate, therefore it is less likely to result in impingement syndrome.

To our knowledge, our retrospective study reports the higher number of patients treated with the S3 locking plate. Our patients experienced a very good clinical recovery with a mean CS score of 75 at the final follow-up and 5 complications (9.8%). We compared our results with studies adopting other locking plate systems and found similar or better clinical outcomes and less complications.

Helwig et al[@bib24] conclude that even using fixed-angle implants, fractures of the proximal humerus are associated with a high complication rate and sometimes poor outcome. Solberg et al[@bib28] experienced more complications among the 70 years old patients with three and four part fractures as compared with our study. They concluded that Neer 3- and 4-part proximal humeral fractures in older patients with initial varus angulation of the humeral head had a significantly worse clinical outcome and a higher complication rate than similar fracture patterns with initial valgus angulation. Schliemann et al[@bib29] found satisfactory or good clinical outcomes after treating complex proximal humeral fractures in elder patients and a high complication rate. Leonard et al[@bib30] also report good functional results, thus, giving emphasis on the high potential for reoperations following various complications.

Screw perforation and loss of reduction are the most frequent problems among these papers followed by avascular necrosis. The restricted number of implant-related complications in our study could be the result of specific features of this fixation plate. All cases of subacromial impingement (4/51) of the plate adopted in this study were the result of improper reduction and a varus inclination (\<120°, malreduction \>5°) of the humeral neck ([Fig. 1](#fig1){ref-type="fig"}B, C). Varus malreduction (\>5°) is considered to be common among varus impacted fractures with a higher possibility of mechanical disadvantages and failure of the implant.[@bib28]

When anatomic reduction is achieved, the S3 plate can prevent any impingement (fitting 3 cm distally to the great tuberosity, [Fig. 2](#fig2){ref-type="fig"}). The absence of any protrusion through the articular surface and no loss of reduction or implant breakage are in our opinion the advantage of the blunt-tipped subchondral support pegs. Huff et al[@bib31] compared the mechanical stability of the S3 and the Synthes fixation plate in bending and torsion in synthetic and cadaveric speciments. They concluded that the S3 plate was stiffer than the Synthes plate in terms of varus and valgus bending, as well as in torsion. However, Schumer et al,[@bib32] using threaded screws and smooth pegs in post-mortem proximal humeral specimens, evaluated differences in the biomechanical properties of locking plates. They concluded that there was no statistically significant difference between the 2 types of fixation.

In conclusion, further investigation by prospective randomized trials is necessary to compare with other fixation techniques. A long term follow-up of these patients could be also useful to identify patients with secondary painful arthrosis and eventually late avascular necrosis. The limited number of patients included represents a limit of this study.

Anatomic reduction and proper plate positioning are essential for minimizing hardware-related complications. Due to the particular bone and vascular structure of this area, a detailed preoperative study of the fracture pattern, especially regarding a possible blood supply impairment is essential. In our opinion osteosynthesis should be tempted every time and a satisfactory reduction could be achieved in order to delay any type of a one-way surgery, such as shoulder hemiarthroplasty.

Our results suggest that the S3 locking plate system represents a valid alternative for ORIF of proximal humeral fractures. It can offer a favorable clinical recovery in the elderly, with a restricted number of complications.
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![A 78 years old woman with a type B1 fracture: (A) preoperative X-ray; (B, C) postoperative X-ray at 12 months showing fracture healing and evidence of subacromial impingement in abduction as a result of a varus inclination of the humeral head.](gr1){#fig1}

![A 70 years old woman with a type C1 fracture: (A) preoperative X-ray; (B, C) postoperative X-rays at 6 months showing bone healing.](gr2){#fig2}

###### 

Median (Interquartile range) CS score at 3,6,12 months for all patients and for the B and C fracture pattern alone. No significant difference was found comparing the 2 groups (*p* \> 0.05) with an unpaired Mann--Whitney t-test.

  Postoperation   All patients        Type B fractures      Type C fractures   *p* value
  --------------- ------------------- --------------------- ------------------ -----------
  3 months        69 (IQR 64--72)     69.5 (IQR 64.5--73)   69 (IQR 64--71)    0.46
  6 months        74 (IQR 70--78.5)   75.5 (IQR 70--79)     72 (IQR 68--75)    0.155
  12 months       77 (IQR 72.5--80)   79.5 (IQR 72.5--81)   75 (IQR 73--79)    0.162
